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Introduction
Maximal muscular strength generated by a muscle, or by a muscle group, suggests the physical ability of a subject. In order to measure and to quantify the muscle performance using an isometric contraction, the Handheld dynamometer (HHD) has been used in clinical practice. HHD is an easy-to-handle instrument with wide applicability and it presents quick and objective responses. 1 ---4 Normative data are available for some specific populations, such as healthy athletes, 5 adults 6 and children. 7 Specifically, for the last group, a set of studies report normative isometric strength data for various muscle groups, spanning the ages of 3---18. These studies are from Canada, Australia, Sweden and France. 7---10 Data from the South American population have not yet been published.
Inter and intra-rater reliability data are essential in clinical practice, since they allow for the reproduction of the measurements by different raters and permit monitoring different diseases and their history. HHD inter and intra-rater reliability for assessing isometric muscle strength (IMS) was evaluated for children aged 4---17 years by Hébert et al., 2 and 2 to years by Rose et al. 1 Gajdosik 11 evaluated only the intra-rater reliability for children aged 2 ---4 years and Eek et al. 8 evaluated only the inter-rater reliability for children aged 6---13 years. These studies show us the lack of normative (or reference data) and inter-rater reliability data for different muscle groups of the upper and lower limbs.
Muscular strength development is associated with factors such as age, sex, sexual maturation, physical activity level, height, body mass index and limb dominance. 7, 8, 12, 13 Among these factors, height usually has a strong positive correlation with strength development, 7,9,10,14 followed by body mass index (BMI). 7, 14 Intercontinental anthropometric characteristics deserve special attention in normative studies. In adulthood, height is dependent on the genetic inheritance associated with environmental stimuli (positive and negative) received throughout an individual's growth. 15, 16 Studies conducted by Howe et al. 17 demonstrated that height is a variable related to the child's length at birth and that, in high-income countries, it is minimally influenced by the socioeconomic factor. 17 BMI is influenced by eating habits and physical activity level, and both are influenced by the educational level of the family. 18 BMI is also influenced by the local temperature (or climatic state of a certain locality) which in turn, influences the level of physical activity. 19 Thus, besides the presumed genetic inheritance, climatic and socio-cultural differences may influence the muscular strength performance in children and adolescents. This study aimed to evaluate the development of isometric muscular strength for the main muscle groups of the upper and lower limbs in healthy children and adolescents, using the HHD. We developed referenced data for the Latin American population and showed inter and intra-rater reliability of the tool used.
Methods

Study design and participants
This was a cross-sectional observational study. The sample size was calculated using a 95% confidence level, 20% amplitude and an estimate of 0.70 for the intraclass correlation coefficient ---ICC. 20 The total sample size estimated was 110 children and adolescents, assigned to 11 groups of 10 individuals according to age (5---15 years). Each age group was composed of 5 boys and 5 girls.
The 110 healthy Brazilian children and adolescents, who participated in the study, were recruited from private schools and non-governmental organizations (NGOs) from Ribeirão Preto. Inclusion criteria were: (a) absence of any diseases and, (b) intact cognitive function to understand the commands given by the rater. Exclusion criteria were: (a) history, confirmed by caregivers, of neurological orthopedic deformity or complaint of muscle weakness or pain, (b) use of medications for pain or musculoskeletal disorders, (c) history of trauma or fractures up to 12 
Instrumentation and procedures
Guardians answered a health assessment questionnaire about the participant's health. When the inclusion criteria were met, a visit was scheduled to take place at the school or the NGOs, where measurements were taken. The body mass was obtained by weighing each participant with a digital scale (Zhongshan, Camry ® Electronic), with values in kg and fractions of 0.5 kg. Height was measured by means of a graduated measuring tape in millimeters with a total of 2 m (value recorded in meters), which was affixed to the wall. Measurements were obtained with the child or adolescent standing, leaning against the wall, without shoes. BMI was calculated by dividing body mass by the square of the body height. To determine hand dominance, the participant was asked which was the upper limb most used to perform daily tasks. The International Physical Activity Level Questionnaire (IPAQ) was used to classify the physical activity level. The maturational Tanner questionnaire was answered by children ages 10 and older, in a private place. For the children younger than 10, guardians were responsible for answering the questionnaire, to ensure validity of the answers and to protect the privacy of the participants. 21 IMS was measured using a Handheld dynamometer (Lafayette Instrument ® , Lafayette, UK) capable of quantifying up to 136.1 kgf. The muscle groups measured bilaterally were: shoulder abductors, elbow flexors, elbow extensors, knee flexors, knee extensors, dorsiflexors and plantar flexors. The positioning for the acquisition of IMS data was standardized, following the methodology of Beenakker et al., 22 and Hébert et al., 2 and it is described in Table 1 . In both evaluations, the participants performed three repetitions of maximal isometric contractions of each muscle group and maintained the contraction for 5 s. A rest interval of 30 s, between contractions, was ensured. Participants were instructed to remain in the proper position during the test, in order to avoid destabilization of the assessed limb, but when this occurred, the measurement was repeated.
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Data analysis
Statistical analysis was performed using SAS System, version 9.3. Descriptive statistics were conducted to characterize boys and girls with mean and 95% CI for the IMS of each muscle group, bilaterally. Intraclass correlation coefficient of randomly selected raters (ICC 2,1 ) and Intraclass correlation coefficient, between raters A and B, (ICC 3,1 ) with 95% confidence interval (CI) were used to evaluate inter-rater reliability. The degree of reliability used (ICC from 0 to 1) was the one described by Landis and Koch, 
Results
Characterization of the sample
Anthropometric characteristics of the sample are presented in Table 2 . Based on the growth curve of the World Health Organization, considering the mean BMI of the groups divided by age and sex, the sample was characterized as eutrophic. There was predominance of right-handers (97%) and no record of ambidextrous. Analysis of physical activity level indicated that 56.3% of the girls were insufficiently active (56.3%), 14.5% sedentary, 23.6% active and 5.6% very active; 50.9% of the boys were insufficiently active, 12.8% sedentary, 16.3% active and 20% very active. According to the classification of sexual maturation, the majority of the sample was pre-pubertal (58%), 38% pubertal and 4% postpubertal.
Isometric muscle strength Table 3 shows the ICC values, following Shrout and Fleiss. 24 Using the reliability graduation proposed by Landis and Koch, 23 it is possible to observe excellent inter-rater reliability (>0.88) for all muscle groups tested, both on the dominant and non-dominant sides, except for elbow extensors, which presented lower reliability (0.63) on the dominant side.
Inter-rater reliability
Intra-rater reliability
Intra-rater reliability (Bland---Altman plot) is shown in Fig. 2 . The results obtained in the intra-rater analysis showed a mean bias between the first and second evaluations of 0.12, for shoulder abductors, 0.04 for elbow flexors, 0.55 for elbow extensors, 0.12 for knee flexors, 0.002 for knee extensors, 0.41 for dorsiflexors and 0.37 for plantar flexors. For the upper limb muscle groups, the analysis indicated little dispersion, considering the y axis, and low variation in the error of the measurements, according to the lower mean displacement of the values A and B ( A---B) . In the lower Figure 2 Bland---Altman plot of the limit of agreement (the upper line demonstrates the higher limit; the lower line demonstrates the lower limit) between intra-rater (A and B) obtained for each muscle group analyzed.
limb, a larger dispersion was observed for knee extensors and plantar flexors.
Association between the IMS and maturational level, physical activity level and dominant side
The association analysis between the IMS and maturational level did not indicate a significant difference between prepuberty vs. puberty, and between IMS vs. physical activity level. No difference was observed between the sedentary vs. insufficiently active and sedentary vs. active (p > 0.05) for all muscle groups, except dorsiflexors (p < 0.01). A significant difference was observed between IMS and dominant side for all muscle groups, except for elbow extensors and knee extensors (p = 0.20, p = 0.87, respectively).
Discussion
This study presents normative data of isometric muscular strength in 7 muscle groups, during development, for boys and girls aged between 5 and 15 years. These muscle groups were selected due to the fact that they are the main muscles evaluated in pediatric clinical practice and, to encourage participant adherence to the study. We observed an increase in IMS around 10 years of age, corroborating the studies of Hébert et al., 2 and Soliman et al. 25 When we evaluated the sexes separately, we were able to identify a greater increase in IMS for boys, ages 14 and 15. Authors from other countries describe that this difference in IMS between sexes also occurs around the age of 13. Isometric muscle strength in children and adolescents 7 development of neuromotor control. 26 The development of muscle strength across age, is influenced by cross-sectional area of the muscles, 27 distribution and diameter of fiber types, 28 central nervous system maturation 29 and testosterone androgenic concentrations. 30 For the Brazilian population, Mattiello-Sverzut et al. studied the diameter of the biceps muscle fibers of healthy women and men, aged 13---84 years. 31 They concluded that from the age of 13 on, boys presented a growing curve with increased diameter of oxidative and glycolytic fibers up to about 30 years, and that girls did not show an increase in the diameter of the fibers across age. Although in this study the muscular morphology was not analyzed, it is possible to observe a correlation between the morphometric aspects of the fiber types and the strength development, at least for the elbow flexors (muscle investigated by the authors) in the Brazilian population.
The acquisition of the IMS with the HHD followed a Stratford and Balsor's description, when an individual is asked to apply maximal strength against the HHD, which is positioned rigidly and perpendicular to the body segment. 32 This method is called the ''do method'' and has provided accurate measurements of isometric muscle strength. 33 This same methodology was used by other authors to evaluate reliability in children with cerebral palsy, aged 7---13 years, in athletes and in young adults. 3, 4, 34, 35 These authors used stabilization belts to help with positioning. Although the present study did not use stabilization of the limbs with belts to perform the test, it was possible to obtain satisfactory reliability results that are discussed below.
Inter and intra-rater reliability studies using the HHD in healthy children and adolescents are few. 34, 36, 37 According to the classification proposed by Landis and Koch, 23 the results of the present study indicated excellent interrater reliability for all muscle groups tested, both on the dominant and non-dominant sides (except for the elbow extensors, dominant side, which showed good reliability). Hebert et al. 2 observed good and excellent inter-rater reliability using the HHD in children and adolescents 4---17 years of age. For the analysis of intra-rater agreement, data obtained from different studies demonstrated that the HHD is reliable. 2, 34, 37 These studies were performed with volunteers of different age groups (children and adults), test procedures, health status, disease and associated comorbidities (such as spinal amyotrophy or female athletes), reinforcing the idea that it can be used to monitor clinical evolution, under different conditions, times and therapies.
IMS association with sexual maturation did not indicate a significant difference between pre-puberty vs. puberty. We also did not observe an association between IMS and level of physical activity. In both cases, we expected to find a positive association with IMS, pubertal having stronger IMS, when compared to pre-pubertal, as reported by Ré, 38 and the active subjects showing greater strength, when compared to sedentary subjects. Although the tests we chose are widely used in the scientific literature, maturational classification is based only on verbal information. According to a study by Lee et al., 39 IPAQ may not refer exactly to physical activity level. Hagströmer et al. 40 studied the validity of IPAQ in adolescents aged 12---17 years and reported reasonable validity for the ages of 12---14, and low validity between the ages of 15 and 17. Currently, the scientific literature has other scales to assess the degree of physical activity that could be more appropriate to the reality of the subjects interviewed. 41 On the other hand, the association between IMS and dominance showed that the dominant side is stronger than the non-dominant side (except for elbow extensors and knee extensors). This predominance of strength on the dominant side was also observed, as a response to hand grip by the bulb dynamometer, in Brazilian children and adolescents. 13 This study is not without limitations: (a) children and adolescents were recruited through convenience sampling methods and only from the city of Ribeirão Preto (Sao Paulo State); (b) the majority of the volunteers belonged to private schools. In the future, the influence of socioeconomic and cultural factors on muscle strength of children and adolescents should be investigated. Others instruments that can assess sexual maturation and level of physical activity should be used to investigate any association of these factors with muscle strength.
Conclusion
This study demonstrates that boys develop more pronounced isometric muscular strength starting at 10 years of age and it peaks at 14 and 15. The girls present lower isometric strength, when compared to the boys, mainly starting at 10 years of age. The development of muscle strength for the Brazilian population is similar to that observed in the Northern Hemisphere. Furthermore, the Handheld dynamometer can be widely used in clinical practice by different raters, in several evaluations, for different muscular groups, covering an extensive age range. 
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